THE EFFECT OF CHRONIC HYPERCAPNIA ON OXYGEN
AFFINITY AND 2, 3 DIPHOSPHOGLYCERATE AS
RELATED TO SUBMARINE EXPOSURE

by

Arthur A. Messier
and
Kaﬂ E. Schaefer, M.,D.

SUBMARINE MEDICAL RESEARCH LABORATORY
NAVAL SUBMARINE MEDICAL CENTER REPORT NO. 636

Bureau of Medicine and Surgery, Navy Department
Research Work Unit MF12.524. 006-9028B. 06

Reviewed and Approved by: Reviewed and Approved by:

Llatin 9. e ) raopt- O ba.

J. D, Bloom, CDR MC USN
Officer-in-Charge
SubMedResLab

Charles F. Gell, M.D., D.Sc. (Med)
Scientific Director
SubMedResLab

Approved and Released by:

/ Stark, Captain, MC, USN
COMMANDING OFFICER
Naval Submarine Medical Center

This document has been approved for public release and sale;
its distribution is unlimited.




SUMMARY PAGE

THE PROBLEM

To better define the pH controlled regulation of oxygen re-
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affect 2,3 DPG levels, follow the pH
changes with a time lag.

In vitro the pH dependent changes in
2,3 DPG take place within three hours
under optimal conditionsl6,

In adaptation to high altitude, a fall
in pH due to hypocapnia of hyperventila-
tion occurs together with hypoxia re-
sulting in a simultaneous rise in 2,3
DPG and P50, '

Evidence indicating that the rise in
pH contributes to the increase in 2,3
DPG in hypoxia has been provided by
Gerlach et al.17 who demonstrated that
the increase in 2, 3 DPG produced by
24-hour exposure of rats to 11% Og was
abolished when 5% COg was added to the
low oxygen gas mixture. In human sub-
ject, studied at high altitude, the2, 3 DPG
changes reached one-half of its maxi-
mum within six hours and the maximum
within 24 hours after arriving at alti-
tudel8. Although the 2,3 DPG changes
in chronic hypercapnia are in opposite
direction, the time sequence reported
here is similar to that observed in alti-
tude adaptation,

While the decrease of 2,3 DPG fol-
lows the fall in pH with a time lag dur-
ing the uncompensated phase of respir-
atory acidosis, the subsequent increase
in 2,3 DPG during the compensated
phase of respiratory acidosis (three and
seven days) does not exhibit a time lag
but closely parallels the rise in pH.
This difference in the relationship of pH

here demonstrate clearly that the red
cell pH changes are the primary cause
of the changes in oxygen affinity.

We have demonstrated in chronic hy-
percapnia the involvement of two mech-
anisms, which are pH dependent and are
known to influence oxygen affinity: 1)
changes in 2, 3 DPG, and 2) changes in
red cell cations2. The latter findings
were obtained in previous work carried
out under identical experimental condi-
tions. The correlation coefficients be-
tween P50 and 2,3 DPG were 0,93 and
between P50 and red cell cations 0,97.
There is obviously a relation between
2,3 DPG changes and red cell cation
permeability in chronic hypercapnia.

It is not possible to state, at this time,
how they are linked together.

The observed findings on 2, 3 DPG
changes in chronic hypercapnia under-
line the significance of the pH controlled
regulation of oxygen release from hemo-
globin which has recently been empha-
sized by Astrupl9 on the basis of clinical
studies.
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